The coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has recently reached the pandemic level.[@pvaa074-B1] COVID-19 is associated with higher case fatality in patients with comorbidities, including those with arterial hypertension or other cardiovascular diseases.[@pvaa074-B2] Angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin II receptor blockers (ARBs) are extensively used for different clinical indications.[@pvaa074-B3] It has been hypothesized that the use of ACEIs/ARBs may negatively impact on the clinical outcomes of COVID-19 patients by affecting the expression of angiotensin-converting enzyme 2 aminopeptidase (ACE-2), the human receptor for SARS-CoV-2.[@pvaa074-B4] Accruing evidence is available that does not show a higher risk with ACEIs/ARBs in patients with COVID-19.[@pvaa074-B5] However, available studies have limited statistical power to detect signals of increased mortality.[@pvaa074-B6] In this context, a meta-analysis provides more precise estimates of the direction and strength of association between the use of ACEIs/ARBs and prognosis. Few meta-analyses have been published that do not show an increase in death with ACEIs/ARBs. However, new studies are now available that suggest the opportunity for an update.[@pvaa074-B7]^,^[@pvaa074-B8]

This meta-analysis complies with the MOOSE (Meta-analyses Of Observational Studies in Epidemiology) and PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines, and its protocol is registered in the PROSPERO database (CRD42020185053). We searched PubMed, Scopus, and web sources up to 7 June 2020 for studies reporting data on the association between ACEI/ARB use and clinical outcomes in patients with COVID-19. No language restrictions were used. The primary outcome of interest was all-cause death (in-hospital or within 28 days from symptom onset). The secondary outcome of interest was severe disease due to SARS-CoV-2. Where available, we extracted both the raw number of events and the adjusted risk estimates (e.g. multivariable or propensity score adjusted). When needed, the corresponding authors of the included studies were contacted, and one of them provided additional data that were not available in the original publication. Data quality of the included studies was evaluated using the Newcastle Ottawa scale (NOS). Data were pooled using inverse-variance weighted random-effects models. The between-study heterogeneity was calculated according to the DerSimonian and Laird method. The Hartung--Knapp method was used for adjustment of the estimates and confidence intervals (CIs). Publication bias was assessed using the Begg and Mazumdar test. Pooled estimates are presented as odds ratios (ORs) with the 95% CI.

A total of 175 studies were screened at the title and abstract level, and 14 were finally included (13 with observational design and one interim analysis of a randomized clinical trial), encompassing 10 127 patients. Most patients were in their sixth decade, with age ranging across studies between 45 and 86 years. Hypertension was the only indication for ACEIs/ARBs in 8 studies out of 14. All-cause mortality was reported in 13 studies (*n* = 10 014) while severe disease was reported in 9 studies (*n* = 1675). The quality of the included studies ranged from low to high (average NOS score 5.5, range 3--8). In the unadjusted analysis, the use of ACEIs/ARBs was not associated with an increased risk of all-cause death (OR 0.95, 95% CI 0.57--1.58; [*Figure 1A*](#pvaa074-F1){ref-type="fig"}) or severe disease (OR 0.88, 95% CI 0.60--1.31). The results were consistent in a sensitivity analysis restricted to studies with NOS score ≥5. A leave-one-out sensitivity analysis showed that none of the studies overly influenced the magnitude and significance of the summary estimate ([*Figure 1B*](#pvaa074-F1){ref-type="fig"}). There were no concerns for publication bias (*P*-value \>0.05).
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We did not identify an increased risk of early death or severe disease associated with the use of ACEIs/ARBs. These findings support the recommendation of major international cardiovascular societies on the importance of continuing ACEIs/ARBs during the COVID-19 outbreak.[@pvaa074-B9]^,^[@pvaa074-B10] Although no conclusions can be drawn on the benefit of ACEIs/ARBs in COVID-19, our results support the safety of the uninterrupted use of ACEIs/ARBs. In addition, since these drugs provide clear benefits in patients with cardiovascular diseases, their preventive discontinuation during COVID-19 should be discouraged.
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